The relationships between (i) urinary free cortisol and urinary creatinine concentrations and (ii) the urinary cortisol/creatinine ratio (DCCR) and various glycaemic levels were studied in three groups-normal, insulin-stressed and insulin-treated diabetic subjects.
Group A---45 (24 female, 21 male) healthy subjectsmostly laboratory or nursing staff, doctors, and their families. All but five were less than 45 years of age. None was clinically obese. No known pregnant woman was included in the study. 136
Hypoglycaemia is a common complication of diabetes mellitus treated with either insulin or the sulphonylureas.l " Such iatrogenic hypoglycaemia is accompanied by considerable morbidity and mortality.2-4 Experienced diabetic subjects, when awake, quite often recognise symptomatic hypoglycaemia and are able to abort or terminate the episode. Hypoglycaemia occurring at night is more difficult to appreciate and its detection is made even more difficult by the occurrence of the Somogyi phenoomenon. Matutinal glycosuria could be due to rebound hyperglycaemia or underinsulinisation. Monitoring of blood glucose through all or part of the night has shown conclusively that biochemical hypoglycaemia is common among poorly controlled insulin-treated diabetics.s ? However, such a procedure is inconvenient to both the internist and the patient and is also not very practicable as an outpatient or as a daily exercise.
Moore et al. 8 reported increased cortisol-creatinine ratio in early morning urine samples from diabetic subjects with presumed nocturnal hypoglycaemia, but Darlow et al. 9 did not find the VCCR useful in differentiating between children who had nocturnal "Present Address: Endocrine and Metabolic Unit, Department of Medicine, Lagos University Teaching Hospital, Lagos, Nigeria hypoglycaemia and those who did not. In these studies the blood glucose levels were not reported in relation to the VCCR changes.
Since over-insulinisation resulting in nocturnal hypoglycaemia appears to be common in insulintreated diabetics" and contributes considerably to the instability, morbidity, and mortality of insulintreated diabetics" 3 5 10 11 it should be avoided as far . as possible. A simple method which can be repeated frequently without much inconvenience to the patient is certainly desirable. The measurement of the VCCR of an overnight urine sample appears simple enough to be so used. We have, therefore, investigated the relationship between biochemical hypoglycaemia and changes in the urinary cortisolcreatinine ratio.
Subjects, materials and methods

SUBJECTS
Three groups of subjects were studied.:
Group B-16 subjects who had insulin tolerance test for various medical indications.
Group C-27 insulin-treated diabetics with a mean age of 48·7 (range 13-74) years. Informed consent according to the revised declaration of Helsinki (1975) was obtained from all subjects who participated in the study.
MATERIALS
Urine samples
Overnight urine samples were obtained from the control and diabetic subjects. Overnight urine sample was defined as the first urine sample passed by the patient on waking up in the morning, having emptied the bladder on retiring. If any urine was voided before morning, such specimen was collected and pooled with the overnight sample.
Urinary samples were obtained from ITT subjects within 60 minutes of ending the test. Random urine samples were also obtained from 13 normal subjects between 1100 and 1200. 4-ml portions of urine samples in plastic tubes were kept frozen at -20°C until assayed for urinary creatinine and free cortisol concentrations. From the ITT subjects blood samples were obtained for plasma cortisol and glucose determinations as in a standard insulin tolerance test.
Capillary blood spots on filter paper were obtained by finger-pricking using 'Autolet' (Ames) at 0300 from six control and 22 insulin-treated diabetic subjects. Two or three blood spots were applied to the dry filter strip previously treated with 5 % boric acid and then allowed to dry at room temperature until the next morning. The strip was then kept in a polythene bag and stored in the refrigerator until returned to the laboratory within a maximum period of four days. Overnight urine collections were made from each subject the next morning. Where possible multiple urine and blood samples were taken from each subject.
LABORATORY METHODS
Urinary creatinine concentration was determined by the Jaffe colour reaction on a Technicon Auto-Analyzer (AAIl).I2 Urinary free cortisol concentration was determined by the RIA method described by Seth and Brown.P This was preceded by extraction of the UFC using methylene dichloride (FDPC-BDH) and alkaline and buffer washes.
Blood glucose estimations were made on an Auto-Analyzer (AAII), using Richardson's modification of Trinder's blood glucose oxidase rnethod.w Capillary blood glucose in filter paper blood spots was measured by a modification of the method described by West and Marsland.P
STATISTICAL EVALUATION OF DATA
Values are presented as the mean ± one standard error of the mean, except where mentioned otherwise. Student's t test was used to evaluate statistical significance, taking p~O· 05 as statistically significant.
Results
EFFECT OF STORAGE ON URINARY
CORTISOL AND CREATININE
CONCENTRATION
Five urine samples were stored at +4°C or at -20°C for a period of seven days. Aliquots of the urine samples were analysed fresh and on the third, fifth, and seventh days. The mean UFC concentrations on the seventh day at +4°C (75·30 ± 14·30 nmol/l) and at -20°C (78·00 ± 17·40 nmol/l) were not significantly different from the mean value of 81·20 ± 15.50 nmol/l when the samples were analysed fresh. Creatinine levels showed similar stability at +4°C and -20°C as well as at room temperature for a period of one week.
ASSA Y REPRODUCIBILITY
The intra-assay coefficients of variation (CVs) of pooled urine samples with mean UFC values of 57,291, and 737 nrnol/l were 11·6, 7·2, and 5·6%, respectively. The inter-assay CVs of the same pooled urine samples with mean UFC values of 63, 299, and 772 nmol/l were 12·5, 7·3, and 5·9%, respectively.
The intra-assay and inter-assay CVs of urinary creatinine concentration with a mean of 14·1 and 13·8 mmol/I were 0·5% and 3%, respectively.
CAPILLARY BLOOD (FILTER PAPER) SPOT GLUCOSE
The intra-assay coefficients of variation were 8·0 % and 5·0% over the capIllary blood glucose ranges 1·9-5 mrnol/l and 6-10 mmol/l, respectively. Table 1 shows the values of the UFC, creatinine, and UCCR of the urine samples from the different non-diabetic subject groups. Spot urine samples were obtained from normal subjects between 1100 and 1200--about the same time as the insulin tolerance tests (ITT) were ended.
URINARY FREE CORTISOL, CREATININE AND CORTISOL/CREATININE RATIO
ITT subjects had biochemical hypoglycaernia (blood glucose~2·2 rnrnol/l) and a normal plasma cortisol response to hypoglycaernic stress. The mean UCCR of the post-ITT urine samples was significantly greater than either the mean of the overnight urine samples or the spot late-morning urine samples (p<0·01). The difference between the mean UCCR of the pre-and post-ITT urinary samples was also significant (p<O·OI). Figure 1 shows a scattergram of the UCCR of control overnight urine samples, urine samples from subjects who had ITT and from insulin-treated diabetics. 
INTER-AND INTRA-PERSONAL
VARIATIONS
Of the three parameters measured, the interpersonal coefficients of variation for the whole control group were 57·85, 51·00, and 43·89 %, respectively, for UFC, urinary creatinine (UC), and the UCCR. The difference in CV% between UFC and the UCCR was just significant at p<0·05. Mean UFC and UC were significantly higher in the males than in the females, t=I·836, p<0·05 and t= 1·940, p<0·05 by one-tailed t test but there was no such difference in the UCCR of both sexes. The intrapersonal variations of the UFC, UC, and the UCCR of normal subjects using two consecutive overnight urine samples are not statistically significant ( Table 2) . The coefficient of correlation was moderate and significant in both normal and diabetic subjects, r = + 0·65 (p<O·01) and r = + 0·60 (p<O·OI), respectively. Using Z-transformation, the two coefficients of correlation were not significantly different from each other. In the presence of hypoglycaemia, no significant linear relation was found between UFC and UC levels of 28 urine samples (y = 657 + 29·7x and r = +0·18, p>0·1). rnrnol/l) and of VCCR values (2·5--49) were found in diabetic subjects (Fig. 2 ); a significant relation was found between VCCR(y) and capillary blood glucose levels (logx) in 73 samples y 25·7-17·8Iogx (r 0·518. p·.O·OOI). There was a high correlation between the means of the 0300 capillary blood glucose levels and the means of the associated VCCR of the following morning (r > -0·88.t 3·209.p<0·05.n 5).
Discussion
This method of identifying nocturnal hypoglycaemia without monitoring blood glucose level is potentially useful in the day-to-day management of diabetic control. The stability of cortisol and creatinine in urine over a period of a week at +4°C makes the method practicable as an outpatient procedure. No VFC sample was studied at room temperature over the same period as previous reports indicate poor reproducibility." Creatinine levels changed little on storage at room temperature for a couple of days. The normal range of VCCR found in this study is considerably lower than values quoted by other workers (Table 3) .
All the studies quoted in Table 3 measured urinary creatinine level using the Jaffe reaction on an autoanalyser. The difference in the normal values of the VCCR quoted are likely to be attributable to the methodology employed in the UFC Values of cortisol estimations by the fluorirnetric method-" which measures II-OHCS and other fluorogenic substances are known to be much higher than values obtained by methods using either competitive protein binding (CPB) or radioimmunoassay (RIA).13 20 21 Some reports have also indicated that cortisol levels assayed by CPB methods are higher than levels obtainable by RIA. 22 The values of UCCR of 10 samples in which UFC was determined by a fluorornetric method as well as by the RIA method used in the present study were markedly different-mean (± S.E.) 35· 1 ± 3·90 and 12·7 ± 1·60 respectively.
No significant difference between men and women was found in the UCCR, in spite of the fact that the mean VFC concentration of the male subjects was significantly higher than that of the female subjects. This lack of difference is likely to be attributable to the much higher urinary creatinine concentrations in men. Walker!" also found no significant sex difference in the VCCR.
Age per se did not appear to affect the VCCR. This factor may, however, affect the UFC and UC concentrations. The mean UC concentration of those diabetic subjects who were over 50 years old and not hypoglycaemic (5·6 ± 0·58 mmolfl) was significantly lower than the mean for those under 50 years of age (12·4 ± 1·1 mmolfl). The mean UC concentration of the young diabetics was not significantly different from the mean of normal subjects of comparable age and sex.
The relation between UFC concentration and age was similar to that of UC and age. The mean UFC concentrations were 55·2 ± 8·3 nmol/l and 94·3 ± 16·4 nmol/l, respectively, for the elderly and younger non-hypoglycaemic subjects. No obese subjects were included in this study. UFC excretion has been variously reported to be either slightly increased or within normal limits'" 24 in obese subjects. The slight difference, if any, in the UFC excretion of the obese appears to have no significant effect on the UCCRP During hypoglycaemia, there is a relative excess excretion of UFC. It is this increased UFC excretion that gives rise to the elevation of the VCCR. It might be argued, therefore, that one might as well measure only UFC. That would eliminate the need to measure the urinary creatinine levels. However, the UFC appears to be subject to greater inter-and intra-personal variations than does the UCCR ( Table 2 ). Moreover there is some overlap between the normal UFC range (18-270 nmolfl) and that of Ohwovoriole, Nairn, and Baird subjects with proven hypoglycaemia (195-1600 nmolfl).
The sex difference is also more marked in the UFC levels than in UCCR range for the normal subjects (Table 1 ). Elderly subjects and subjects with impaired renal function tend to have low UFC values but equally low UC levels, making the UCCR of such subjects lie within normal limits.
Moore et al. s presumed that the increased UCCR of their patients was due to nocturnal hypoglycaemia and suggested that it might be a useful monitoring index. Darlow et al, 9 and Scott and Scandrett'" ,on the other hand, found no clear relation between the UCCR and hypoglycaemic episodes. Seaworth et al.,IS in a paper published after the completion of this study, have shown a clear elevation of the UCCR in association with proven episodes of hypoglycaemia, as has been shown in this study; they have also noted that dilutional effects may make the ratio appear to be within normal limits if urine samples are collected more than three hours after the episode of hypoglycaemia.
We have also shown a significant negative correlation between capillary blood glucose levels in insulin-treated diabetics at 0300 and the UCCR of the following morning. Our findings support the view that the UCCR is elevated during hypoglycaemic episodes and could therefore be useful in detecting nocturnal hypoglycaemia.
Our study was in adults and the conclusions might not be applicable to children in whom no clear relation was found between the UCCR and hypoglycaernic episodes," A similar study in the paediatric age group is indicated.
Falsely low UCCR values in the presence of hypoglycaemia are found in subjects with excessive creatininuria and those with impaired adrenocortical function. Elevated UCCR are found in subjects with severe stress and Cushing's syndrome. Methodological problems may also cause apparently elevated UCCR. Each laboratory must establish its own normal range before applying the method to the management of diabetics.
